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Abstract 
 
The experimental investigation on the power performance of a horizontal 
axis small wind turbine (SWT) blades with Uni-vinyl (UV) foam alignments 

was done using multiple field tests. The blades selected for study were solid, 

hallow, hallow with rectangle, taper and teardrop alignments. The small wind 

turbine blade was considered from NACA 63415 series to give a power 
output of 1 kW. The computational fluid dynamic analysis is carried out 

using moving reference plane approach in order to find maximum 

aerodynamic efficiency, the hub is made by using these conditions.  The 
stator and rotor act as a turbine generator and gives the DC power as the 

output.  The measurement of power was carried consistently with the 

increased wind speed to obtain the power curves. It was found that blades 

having teardrop UV foam alignment as stiffener ribs with epoxy gives the 
maximum power output within the designed conditions. 

 

Key words: NACA 63415, Uni-vinyl foam alignments, moving reference 

plane, Power curves, small wind turbine. 
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1 Introduction 
 

The wind turbine system blades are important parts and require high 

attention in their design and manufacturing. In power generation using wind 

turbines, the blade shape of aerofoil cross-section, blade materials, and the 
number of blades play a significant role. The strength and performance of a 

blade depend on the aerodynamic shape of blade. Power performance tests 

were conducted by Libii and Drahozal et al. (2012) using a box fan by four 

miniature wind turbines having different lengths of rectangular blades and 
laminar jet flow of the fan was used. The experimental and analytical results 

obtained were in good agreement and the power output can be regulated with 

an increase in speed [1]. Baoqinga and De et al. (2012) studied output 
characteristics and torque coefficient of wind turbine blades using 

momentum-element theory and MATLAB programming. It was found that 

the results obtained in both cases were similar in all the three model tests. 
The characteristics of small wind turbines operated at low speeds using 

laminar separation bubbles technique were studied by Singh and Ahmed et 

al. (2013). They used specially designed new aerofoil blades to improve the 

turbine performance at lower speeds of 6 m/s and produced the power at the 
same free stream velocity [2, 3]. Patel and Damania et al. (2013) studied the 

power characteristics using different turbine blades and they evaluated the 

power output produced by the turbine blades with different angles of attacks 
to get the power output maximum. It was found that various factors including 

the Betz limit are affecting the power output [4]. Ajio and Adegun et al.2009 

evaluated the power characteristics of small turbine blade system [5] using a 

power analyzer and the anemometer with a data logger installed on a 
meteorological tower. The direction and wind speed over a specified testing 

period was measured. The wind minimum speed used for starting the turbine 

to produce the power is 3.5 m/s and the hub height is 4.9 meters. In this 
work, the wind speed was consistently increased to obtain the standard power 

curves [5]. Vick and Broneske et al. (2013) using two blades of different 

sizes. These two blades were tested at the rated power output of 1kW and 
electrical loading data collected. The blade flutter was analyzed concerning 

blade size. Similar work was carried out by Simic et al. (2013) on small wind 

turbine blades designed for 10 kW power output and power output was 

compared by analyzing the power curves obtained at the same hub height and 
wind characteristics, the power curve will change with blade size [6, 7]. 

Kishore et al. (2013) studied the aerodynamic characteristics of a small scale 

wind turbine using a tunnel. The turbine was operated with wind speed below 
5 m/s and they evaluated the maximum coefficient of performance. 

Predescu et al. (2009) evaluated the characteristics of two different sets 

of blades having different angles of twist and aerodynamic profiles in the 
wind tunnel.  
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They concluded that the power coefficient varies slightly with wind 

speed i.e. compared to wind at higher speeds, the coefficient of power is 

good at low wind speeds and the maximum power conversion efficiency is 
occurring at the small tip angle. Four small wind turbine systems with a 

power rating of 1, 10, 11, and 50 kW capacity were tested by Bowen et al. 

(2009) in the National Wind Technology center to evaluate power 

performance, noise, safety, and power quality. They used standard electro-
technical commission with wind velocity ranges from 3 to 12 m/s and found 

that the turbine system with 11 kW rated power gives the best power 

coefficients at a wind velocity of 6m/s for the household purpose [8-10]. 
Sohoni et al. (2016) used different modeling techniques such as 

polynomial approximation, four and five parameter logistic functions for 

energy assessment, and monitoring turbine performance. They found that 
solution technic and appropriate model, for particular applications are very 

significant for modeling and thereby to develop efficient and reliable wind 

power systems [11]. An effective mathematical function for calculating the 

power output with different wind velocities has been developed by Clifton et 
al. (2013). They performed simulations for generic 1.5 MW turbines and 

studied the influence of the atmosphere on power output. [12]. Fleming et al. 

(2013) performed the experiments on a nacelle used automatic movement 
and improve the yaw alignment and they observed a significant increase in 

the power capture with yaw correction [13]. Hirahara et al. (2005) 

investigated the performance of multi-purpose small wind turbine units 

having a rotor diameter of 500 mm. The tests were carried out to obtain 
energy output, power coefficient, turbine speed, and torque. It was found that 

the power coefficient was 0.4 [14]. 

Rehman et al. worked on hub heights with satisfactory and controllable 
limits. They modified and redesigned the blades by dropping the speed to 

increase the wind turbines' efficiency. They found that reduction in cut-in-

speed can increase performance and power output [15]. Kjellin et al. (2011) 
designed a 12 kW vertical axis H-rotor type wind turbine and determined the 

maximum power coefficient as 0.29. The tests were carried out at different 

rotational speeds [16]. 

Lanzafame et al. (2010) designed a new wind tunnel tests on micro wind 
turbines based on BEM developed and designed criteria having all geometric 

characteristics of controlling the power curve. Qing‘an Li et al. (2016) 

worked on a two-bladed NACA0021 aerofoil profile and conducted 
experiments in both tunnel and field tests. In this work, the field flow 

characteristics and power performance were determined and also the relation 

between wind velocity and working conditions was established [17, 18]. 
The relationship between wind power and hub height is given by Lydia 

et al. (2014). They reviewed both non-parametric and parametric modeling 

methods to enhance different modeling methods of wind turbines to obtain 

the power curves as shown in Fig 1[19]. 
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Fig 1: Typical power curve at different wind speeds [19] 

Nagai et al. (2009) worked on a 3 kW horizontal upwind prototype 
turbine. This turbine was designed with 4 m diameter. The turbine gave the 

coefficient of power as 0.257 at a wind speed average of 7.3 m/s [20].  The 

objective of this work is to investigate power performance of various 

composite blades made with glass fiber reinforced plastics with Epoxy and 
UV foam stiffener ribs. The work is carried by analyzing using CFD 

simulations. The Experimental investigation using field test is also conducted 

after simulations for various models.  
 

2 Experimental Details 
 

2.1 Energy in Wind 
 

The power (P) developed by wind generator when wind impinging is 
shown in Eq. (1) and it is given as: 

                   …………….   (1) 

Where C defines the  power coefficient of  wind turbine system, A is known 

as swept area of rotor blades, ρ is the air density which is taken as 1.3 Kg/m3 
and ‗v‘ is defined as the velocity of the wind. The power is proportional to 

the blades swept area, air density and cubic power of wind speed  

 

2.2 Modelling of Blade 
 

The blade is modeled and designed using surface sheet metal operation 

using surface 3D modeling software. This design is based on the 
recommendations of the NACA for 63415 series of aerofoil sections. The 3-

D coordinates of each profile varying its chord length from root to tip are 

shown in Fig 2. Different blades are modeled by changing the inner stiffness 
ribs for sections like solid, hallow, rectangular alignment blade, taper 

alignment blade, and teardrop alignment blades. A uniform length of 1100 

mm and a swept area radius of 2200 mm (R22) is used. These blades are 

capable to produce 1 kW power output with an effective blade area of 
139323.4769 mm

2
. 
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2.3 CFD Analysis 
 

To follow the moving reference frame (MRF) approach, the three-

dimensional blade and hub portion is taken in ANSYS16.0 software and the 
hub at an angle of 1200 is rotated to produce three numbers of blades of the 

rotor system which includes the blades and a reference frame for moving the 

air around the blades as shown in Figure 3. The velocity magnitude obtaining 
by the moving reference frame approach of a blade in the dynamic condition 

of a rotor is shown in Figure 4. The rotor is set with a 450 rpm in the moving 

reference zone and attaining with a velocity of 12 m/s can be used for 
working in dynamic conditions of blade rotation in a descriptive condition. 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

             Fig 3. Modelling of a blade and hub with 50 angle of attack  
 

 

 

Fig 2. Modelling of a blade using alignments 
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Three blades are attached to the rotor, during rotation in the MRF 
approach.  The average torque coefficients can be obtained by keeping the 

angle of attack or the blade pitch angle of 5o. It can be fixed to the blades for 

different levels of rotor velocity and the pressure of air flows to attain the 

required torque. The aerodynamic efficiency at different AOA is shown in 
Fig 5. For the zero-degree AOA, the efficiency is 11.3098 and for a fifteen-

degree AOA, the efficiency value is 8.4121. The maximum aerodynamic 

efficiency of 27.575 is achieved at five- degree. This highest efficiency is 
considered for the hub to get the higher power output.  

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

Fig 5. Aerodynamic efficiency vs α in 3d WTB 
 

 

Figure 4. Velocity distribution of blade in dynamic conditions 
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2.4 Fabrication of Blade and Hub 
 

As per the NACA standards, the small wind turbine blade of the NACA 
63415 series is selected as the model. ―The blade is designed with a length of 

1100 mm and 21 aerofoil sections to give an output of 1 kW power. The root 

portion of the blade is connected to the hub. The blade is fabricated with two 

halves of upper and lower portions of the sandwich structure. The material 
used for making the blade consists of biaxial glass fabric reinforced polymers 

in the form of mats and stiffness ribs of Uni-vinyl foam inside the blade to 

increase the strength.‖ 
 

 

 
 

 

 

 
 

 

 
 

Fig 6. Different stiffeners placed in blades 

 

 
 

 

 

 
 

 

 
Fig 7. Fabricated NACA 63415 aerofoil blade 

 

The stacking sequence of GFRP composite material has [0n / 45n / 90n] to 

make 4 layers in both upper and lower parts. By mixing of Epoxy resin with 
hardener is used as bonding element for the fibers. The stiffness ribs of Uni-

vinyl foam with alignments like taper, rectangle and teardrop are placed in 

the down portion of the wind blade which increases the strength of the 

sandwiched wind blade as shown in fig 6. Finally, the first coat of paint is 
done on the blade and after conducting the weight balancing test with rotor 

the final coat of paint is done as shown in figure 7. The procedure of 

fabrication of the blade is followed by a hand lay-up technique. The rotor is 
the assembly of the hub and the three blades together. The hub is made of 

mild steel with a diameter of about 300 mm as shown in fig 8. 
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Fig 8. Fabricated hub with 50 AOA 

 

2.5 Power Test Setup 
 

Before conducting the power performance tests, all three sets of solid, 

hallow, rectangle align, taper align and teardrop alignment blades are tested 
for dynamic balancing with the hub and each set of blades are bolted tightly 

to the hub as shown in fig 9. 

 

 
Fig 9. Blades fixed to rotor hub 

 

The wind turbine system is fixed on the structure tower top of 5 meters 

height as shown in figure 10. The fixing and locating of the small wind 
turbine system should be done carefully in a place where the wind velocity is 

high to get the maximum power output 

  
Fig 10. Fixing the rotor hub and blades to permanent magnet generator 
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In this work, we used a permanent magnet (PM) alternate current (AC) 

generator which is much suitable for a small wind turbine system and it does 

not require any field winding. The permanent magnet generators are self-
synchronous machines that will not connect to alternative current produces 

with frequencies and variable voltages. The permanent magnetic generator 

selection is based on the category of turbine systems that are mentioned in 

table 1. 
 

Table.1 Permanent magnet generator specifications 
S.no Specifications name Value 

1. Power output (rated) 1 kW 

2. Speed of rotation (rated) 500 RPM 

3. Required torque (at rated power) 32 n-m 

4. Rectified DC at a given output 7 A 

5. Wire length 700 mm 

6. Wire square section 4 mm 

7. Configuration of generator 3 phase, AC output 

8. Design lifetime 22 years 

 

     
Fig 11. Final wind turbine rotor power setup 

 

 
Fig 12. Voltmeter and anemometer 
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The wind turbine system is arranged with a different variety of blade 

sets, having a blade profile of R22 combined with the wind turbine hub as  

shown in fig 11. The power output is stored as an alternative current using 
12V direct current batteries to 220V alternative current inverter. The 

anemometer was used to measure the wind speed and direction of the wind, 

whereas the digital voltmeter was used to show the power output of the wind 
turbine system as shown in figure 12. While measuring, the anemometer was 

placed at a certain height of the turbine hub on the tower and recorded wind 

speed. The Voltmeter recorded the voltage values of alternative current at the 
exit of inverter output terminals. In the turbine system, the power output for 

different velocities is recorded by changing the different categories of blades. 

For each category of blades, 15 readings are recorded and the average was 

calculated to obtain the final value of power. The data collection was carried 
out for all the blade models for 4 months. 

                      

3 Results and Discussion 
 

3.1 Power curves  
 

The power curves showing the relation between wind speed and power 

produced are shown figures 13, 14, 15, 16, and 17. 

 
Fig 13. Solid blade power curve 

 
Fig 14. Hallow blade power curve 
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Fig 15. Rectangular aligned blade power curve 

 

                               
Fig 16. Taper aligned blade power curve 

 

 
Fig 17. Teardrop aligned blade power curve 
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The power is measured during the availability of wind within the rated 

limits of cut in speed 3 m/s to cut out speed 12 m/s.  As the speed of the wind 

rises, the power output from the wind turbine is also increasing to the 
designed level. The turbine blades having different categories of UV foams 

have different weights and hence power output and balancing also change. 

The maximum designed power output was obtained for the solid blades made 
of glass fiber reinforced plastic (GFRP) with epoxy resin as stiffener and 

hallow blade has given the maximum power output but it is not in designed 

limits.  
 

4 Conclusions 
                          

The following conclusions can be drawn from the results obtained in this    

work. 

 The wind turbine system with a solid blade of GFRP with epoxy 

resin as the stiffener can generate a maximum power of 625 watts at 12 m/s 
operating wind speed and about 5 m/s startup wind speed. 

 The wind turbine system with a hollow blade of GFRP with 

epoxy resin as the stiffener can generate a maximum power of 1424 watts at 

12 m/s operating wind speed and about 2 m/s startup wind speed. But we 

designed the system for the maximum power output of 1000 watts and 
observed that the power is increased beyond the designed limit and hence the 

vibrations increased and blade life reduced.  

 The wind turbine system having a blade made of GFRP with 

epoxy resin as a stiffener and rectangular aligned UV foam can generate a 
maximum power of 913 watts at a 12 m/s operating wind speed and 3 m/s 

startup wind speed.  

 The system with a blade made of GFRP and epoxy with Tapered 

aligned UV foam stiffener can generate a maximum power of 947 watts at 12 
m/s operating wind speed and 3 m/s startup wind speed.  

 The system with a blade made of GFRP and epoxy resin stiffener 

with Teardrop aligned UV foam is capable of generating a maximum power 

output of 984 watts at 12 m/s operating wind velocity and 3 m/s startup wind 

velocity. 

 The blades having teardrop UV foam alignment with epoxy 

stiffener ribs give the maximum power output within the designed 

conditions. 
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